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(g) A serf-pulsing circuit for operating a gas-discharge lamp, particularly for use In a motor vehicle. 

@ The circuit includes an inverter (1) with two 
branch circuits (a, b) which can be connected to 
a direct-current voltage supply (Vy and which 
include respective electronic switches (3a, 3b) 
in series with respective primary windings (4a, 
4b) coupled inductively to the same secondary 
winding (5) which is connected to the lamp (L). 
A frequency-dependent impedance (7) is con- 
nected in series with the lamp. A control circuit 
(11) connected to a currant-sensing resistor (9) 
which is in series with the lamp (L) makes the 
switches (3a, 3b) conductive alternately so that 
an alternating voltage, the frequency of which 
depends on an external control signal, is de- 
veloped in the secondary winding (5). 
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The present invention relates to a self-pulsing cir- 
cuit for operating a gas-discharge lamp, particularly 
for use for the headlamps of a motor vehicle. 

More specifically, the invention relates to a self- 
pulsing circuit including: 5 

- an inverter including two branch circuits which 
can be connected to a direct-current voltage sup- 
ply and which include respective electronic 
switch means in series with respective primary 
windings, the primary windings of the branch cir- 10 
cults being coupled inductively to the same sec- 
ondary winding which is connected to the lamp. 

- an impedance which is variable in dependence 
on frequency and is connected in series with the 
lamp, and 15 

- control circuitry for making the electronic switch 
means conductive alternately so that an alternat- 
ing voltage is developed at the terminals of the 
secondary winding, the control circuitry having a 
control input for receiving a control signal for 20 
varying the frequency of the alternating voltage 

so as correspondingly to vary the impedance and 
consequently to vary the current flowing through 
the lamp. 

In a known self-pulsing circuit of the type indicat- 25 
ed above, the inverter is of the type which has an os- 
cillator with a transformer, the core of which can be 
saturated. The transformer includes a winding which 
is connected in series with the lamp and is coupled 
inductively to two further windings connected to the 30 
terminals which control the conduction of the elec- 
tronic switches In the two branch circuits of the inver- 
ter. Each electronic switch includes a plurality of bipo- 
lar transistors. 

The known self-pulsing circuit mentioned above 35 
has some disadvantages. In the first place, a trans- 
former with a core which can be saturated is an ex- 
pensive, delicate and problematical component. In 
fact, it is difficult to mass-produce these components 
with uniform and constant electrical and magnetic 40 
characteristics. 

A further disadvantage of the known self-pulsing 
circuit lies in the use of bipolar transistors. In fact, 
each of the two branch circuits of the inverter requires 
a plurality of these transistors since the transistors 45 
have intrinsic limitations as regards the maximum 
current which can be conducted. Moreover, the tran- 
sistors also create problems from the point of view of 
power dissipation, particularly during switching. 

The object of the present invention is to provide 
a self-pulsing circuit of the type indicated above which 
prevents the problems of the devices produced up to 
now. 

According to the invention, this object is ach- 
ieved by a self-pulsing circuit of the aforesaid type, 
the main characteristic of which lies in the (act that a 
current-sensing resistor is connected in series with 
the lamp, and in thatthe control c&nouitry is connected 



to the resistor and includes: 

- signal-processing circuitry connected to the ter- 
minals of the resistor for outputting first and sec- 
ond square-wave signals which are respectively 
in phase wit h and in opposition to the voltage sig- 
nal developed at the terminals of the resistor, 

- integrator circuitry for supplying first and seo- 
ond ramp signals which are in phase with the first 
and second square-wave signals, 

- comparator and processing circuitry for com- 
paring the first and second ramp signals with a 
reference level which is variable in dependence 
on the control signal, and for generating first and 
second drive signals which can make the elec- 
tronic switch means of the first and second 
branch circuits of the inverter conductive respec- 
tively from the start of each ramp of the first and 
second ramp signals until each ramp reaches the 
reference level or until the ramp ends if the ramp 
does not reach the reference level. 

Further characteristics and advantages of the in- 
vention will become clear from the detailed descrip- 
tion which follows with reference to the appended 
drawings provided purely by way of non-limiting ex- 
ample, in which: 

Figure 1 is a circuit diagram of a self-pulsing cir- 
cuit according to the invention, shown partially in 
block form, 

Figure 2 is a circuit diagram showing the internal 
structure of a control circuit included in the self- 
pulsing circuit of Figure 1 , 
Figure 3 is a circuit diagram which shows the de- 
tailed structure of an embodiment of a signal- 
processing circuit included in the control circuit 
shown in Figure 2, 

Figure 4 is a circuit diagram showing, partially in 
block form, an embodiment of a triangularor ramp 
signal-generating circuit included in the control 
circuit of Figure 2, 

Figure 5 is a circuit diagram showing an embodi- 
ment of a comparator circuit included in the con- 
trol circuit of Figure 2, 

Figure 6 is a circuit diagram showing an embodi- 
ment of a logic circuit Included In the control cir- 
cuit of Figure 2, and 

Figure 7 shows, by way of example, the wave- 
forms of twelve signals developed in the circuit 
according to the invention in operation. 
In Figure 1 , a gas-discharge lamp usable in a mo- 
tor-vehicle front headlamp is indicated L. The lamp is 
associated with a self-pulsing operating circuit which 
includes an Inverter, generally indicated 1. The inver- 
ter has two branch circuits a and b between a terminal 
2 and earth. The branch circuits include respective 
MOSFET transistors 3a, 3b with associated recircu- 
lating Zener diodes Za and Zb. Two primary windings 
4a and 4b are connected in series with the drain- 
source paths of the transistors 3a, 3b in the two 
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branch circuits. These windings are coupled induc- 
tively to the same secondary winding 5 with which 
they form a transformer, indicated 6. The seoondary 
winding 5 is connected between earth and an L-C res- 
onant impedance 7 connected in series wit h t he lamp s 
L. A capacitor 8 is connected in parallel with the lamp 
L. 

A resistor 9, which acts as a current sensor, is 
connected between the lamp L and earth. 

With reference again to the inverter 1 , the termi- 10 
nal 2 to which the primary windings 4a and 4b are 
connected can be connected to a direct-current vol- 
tage supply V b (for example, the battery of the motor 
vehicle) by means of a control switch 10. 

The gate terminals of the transistors 3a, 3b are 15 
connected to corresponding outputs of an electronic 
control circuit, generally indicted 11 in Figure 1. This 
circuit has an input 11a for receiving an external con- 
trol signal indicative of the current which is to be made 
to f low through the lamp L For example, the current 20 
may be of a greater intensity during the stages imme- 
diately after t he lamp has been switched on, to enable 
it to warm up quickly. 

As wQI become clearer from the following, when 
the switch 1 0 is closed, the inverter 1 is connected to 25 
the direct-current voltage supply V b . The control cir- 
cuit 11 then makes the transistors 3a and 3b conduc- 
tive alternately and an alternating voltage is conse- 
quently developed at the terminals of the secondary 
winding 5 of the transformer 6. This voltage causes 30 
an alternating current to flow through the impedance 
7, the lamp L and the resistor 9. The control circuit 11 
determines t he frequency of the alternating current in 
dependence on the signal applied to its control input 
11a. 35 

Variations in the frequency of the alternating vol- 
tage produced in the secondary winding 5 cause va- 
riations in the impedance of the resonant circuit 7. 
Thus, the alternating current flowing through the 
lamp and through the resistor 9 is varied correspond- 40 
ingly. 

In Figures 2 and 7, the current flowing in the re- 
sistor 9 has been indicated t. This current is substan- 
tially equal to the current flowing through the lamp L 
The control circuit 11 includes a circuit, indicated 12, 43 
for processing the signal l L . As will become clearer 
from the following, the circuit 12 is arranged to output 
two square-wave signals B and C which have the 
same frequency as the signal I L but are in phase 
therewith and in opposition thereto, respectively. so 

The signals B and C are applied to the inputs of 
an integrator or generator circuit, generally indicated 
13 in Figure 2, for generating triangular signals. This 
circuit outputs two ramp signals, indicated D and E in 
Figures 2 and 7. In practice, t he ramps of the triangu- 59 
lar signals D and E correspond respectively to the 
positive pulses of the signals B and C. 

The outputs of the circuit 1 3 are connected to cor- 



responding inputs of a comparator circuit 14 which 
compares the signals D and E with a reference level 
s a which varies in dependence on the external control 
sig nal applied to the input 1 1 a of the control circuit 1 1 . 

The comparator circuit 14 outputs two signals F 
and G (Figure 7) which are applied to the inputs of a 
logic circuit 15 which processes them In order to out- 
put two signals J and K which are applied to the gates 
of the transistors 3a and 3b in order to control their 
conduction. 

Figure 3 shows an embodiment of the circuit 12 
for processing the signal developed at the terminals 
of the resistor 9. In this embodiment, the circuit 12 in- 
cludes an R-C input filter 16 connected to an amplifier 
circuit 17, formed with the use of an operational am- 
plifier 18, for amplifying the signal received and shift- 
ing its level (by introducing an offset) so as to make 
it unidirectional, for example, completely positive. 

The amplifier circuit 17 is connected to a squaring 
circuit 19 formed, in known manner, with the use of a 
comparator 20. In operation, a square-wave signal, 
indicated A in Figures 3 and 7, which has the same 
frequency as the signal l L and is in phase therewith, 
is therefore available at the output of the circuit 19. 

The output of the squaring circuit is connected to 
the input of a logic circuit 21 which simply includes 
two EXOR gates 22 and 23. One input of the EXOR 
gate 22 Is connected to the output of the squaring cir- 
cuit 19 and its other input is connected to earth. 

One input of the EXOR gate 23 is connected to 
t he output oft he squaring circuit 1 9 an d its other inp ut 
is connected to a supply of a direct-current vol tage 
the value of which corresponds to a "high" logic level. 

The EXOR gates 22 and 23 therefore output the 
signals indicated B and C in Figures 3 and 7. The sig- 
nal B has the same frequency as the signal A, and is 
in phase therewith, but the signal C is in opposition 
to the signal B. 

The embodiment of the circuit 13 for generating 
triangular or ramp signals illustrated in Figure 4 in- 
cludes two current generators 24 and 25. The current 
generators can be connected to two capacitors C1 
and C2 by means of four switches 26 to 29. 

For the reasons which will become clear from the 
following, the current generator 24 is defined as the 
charging generator and, in particular, can be connect- 
ed to the capacitor C1 by means of the switch 26 and 
to the capacitor C2 by means of the switch 28. 

The current generator 25, which is defined below 
as the discharging current generator, can be connect- 
ed to the capacitor C1 by means of the switch 27 and 
to the capacitor C2 by means of the switch 29. 

The switches 26 and 29 are controlled by the sig- 
nal B and the switches 27 and 28 are controlled by t he 
signal C. 

When the signal B is at the "high" level, the cur- 
rent generator 24 is thus connected to the capacitor 
C1. The current supplied by this generator charges 
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the capacitor C1 and the voltage at its terminals in- 
creases linearly with the slope shown by the wave- 
form of the signal D in Figure 7. At the same time, the 
current generator 25 is connected to the capacitor C2 
and discharges that capacitor. Conveniently, the gen- s 
erator 25 is arranged to generate a current much 
greater than the charging current so that the dis- 
charge takes place almost Instantaneously and in any 
case much faster than the charging. 

When the signal B is at a "low" level, the switches 10 
26 and 29 are open and the switches 27 and 28 are 
closed. At this stage, the capacitor C2 is therefore 
charged and the capacitor C1 is rapidly discharged. 

Finally, the circuit 13 outputs two voltage signals 
D and E with t he alternating ramp waveforms shown is 
in Figure 7. As can be seen in this drawing, the start 
of each ramp of the signal D or E coincides with a 
zero-crossing of the current l L . Moreover, each ramp 
of the signals D and E also ends in correspondence 
with the subsequent zero-crossing of the signal l L . 20 

The signals D and E are applied to the inputs of 
the comparator circuit 14. As can be seen in Figure 5, 
this includes two inverting threshold comparators 
generally indicated 30 and 31. The comparator stage 
30 includes a comparator 32, a resistor 33 between 25 
the non-inverting input and the output of the compar- 
ator, and a resistor 34 between a direct-current vol- 
tage supply Voo and the output of the comparator. 

The threshold comparator stage 31 Includes a 
comparator 35, a resistor 38 between the non-Invert- so 
ing input and the output of the comparator, and a re- 
sistor 37 between the supply V^, and the output of the 
comparator. 

The control input terminal 11a of the control cir- 
cuit 11 (Figure 1) is connected to the non-inverting in- 3$ 
puts of the comparators 32 and 35 of the comparator 
circuit 14 (Figure 5). The threshold level associated 
with the threshold comparators 30 and 31 can be al- 
tered by the application of an external voltage signal 
to the control input 11a. In Figure 7, the threshold lev- 40 
el has been indicated s K . In operation, signals with the 
waveforms Indicated F and 6 in Figures 5 and 7 are 
therefore present at the outputs of the threshold com- 
parators 30 and 31; these signals remain at the "high" 
level as long as the signals D and E remain below the 45 
threshold levels associated respectively therewith. 

The signals F and G are applied to the log ic circuit 
15, an embodiment of which is shown in Figure 6. 

In this embodiment, the circuit 15 includes two 
NAND logic gates indicated 38 and 39. One Input of so 
the NAND gate 38 receives the signal F and its other 
input receives the signal B from the EXOR circuit 22. 

One input of the NAND gate 39 receives the sig- 
nal G and Its other input receives the signal C from 
the EXOR gate 23. 55 

Respective signals H and I, the waveforms of 
which are shown by way of example in Figure 7, are 
thus present att he outputs of the NAND gates 38 and 



39. 

The outputs of the NAND gates 38 and 39 are 
connected to the set (S) and reset (R) inputs of a bist- 
able circuit 40. Conveniently, this is a D-type fiip-flop 
circuit In the set/reset configuration and its data input 
(D) and its clock Input (CK) are connected to the sup- 
ply Voc through a resistor 41. The bistable circuit 40 
outputs two signals, the shapes of which correspond 
substantially to those of the signals H and I. This cir- 
cuit ensures, however, that the signals are switched 
in the correct sequence. 

The outputs Q and Q of the bistable circuit 40 are 
connected to the gates of the transistors 3a and 3b 
through respective logic inverters 42 and 43. 

The inverters thus output drive signals J and K 
having the waveforms shown in Figure 7. 

The signals J and K make the transistors 3a and 
3b conductive alternately, as already stated above 
with reference to Figure 1. 

If, in operation, the current flowing through the 
lamp L has to be increased, the external control signal 
applied to the input 11a of the control circuit 11 raises 
the threshold level s a associated with the threshold 
comparators 30 and 31 . The limit to which this thresh- 
old level can be brought is above the greatest ampli- 
tude which the ramp signals D and E can reach, as 
shown in the right-hand portions of the graphs of Fig- 
ure 7. In this case, the ramp signals do not reach the 
threshold level and the signals F and G remain at the 
"high" level. The signals H and I, and consequently 
also the signals J and K, are thus precisely in oppo- 
sition. 

It can thus be seen that, in this situation, each 
transistor 3a, 3b of t he inverter is made conductive as 
t he current l L crosses zero and is kept conductive un- 
til the next time that current crosses zero. 

Naturally, the principle of the invention remaining 
the same, the forms of embodiment and details of 
construction may be varied widely with respect to 
those described and illustrated purely by way of non- 
limiting example, without thereby departing from the 
scope of the present invention. 

In particular, the circuit according to the invention 
may be formed at least partially with the use of Inte- 
grated digital or microprocessor components. Digital 
counters and comparators may be used instead of 
analog integrator and comparator circuits. 



Claims 

1. A self- pulsing circuit for operating a gas-dis- 
charge lamp (L), particularly for use in a motor 
vehicle, including: 

- an inverter (1) including two branch circuits 
(a, b) which can be connected to a direct-cur- 
rent voltage supply (V b ) and which include re- 
spective electronic switch means (3a, 3b) in 
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series with respective primary windings (4a, 
4b), the primary windings (4a, 4b) of the 
branch circuits (a. b) being coupled inductive- 
ly to the same secondary winding (5) which Is 
connected to the lamp (L), 5 

- an impedance (7) which is variable in de- 
pendence on frequency and Is connected in 
series with the lamp, and 

- control circuitry (11) for making the eiectron- 
icswltoh means (3a, 3b) conductive alternate- 10 
ly so that an alternating voltage is developed 

at the terminals of the secondary winding (5). 
the control circuitry (11) having a control input 
(11a) for receiving a control signal for varying 
the frequency of the alternating voltage so as 1 s 
correspondfogly to vary the impedance (7) 
and consequently to vary the current (IJ flow- 
ing through the lamp (L), 

characterised in that a current-sensing re- 
sistor (9) is connected in series wit h the lamp (L), 20 
and in that the control circuitry (11) is connected 
to the resistor (9) and includes: 

-signal-processing circuitry (12) connected 
to the terminals of the resistor (9) for output- 
ting first and second square-wave signals (B, 25 
C) which are respectively in phase with and in 
opposition to the signal developed at the ter- 
minals of the resistor (9), respectively, 
-integrator circuitry (13) for supplying first 
and second ramp signals (D, E) in phase with 30 
the first and second square-wave signals (B, 
C). 

- comparator and processing circuitry (14, 15) 
for comparing the first and second ramp sig- 



put which is kept at a "low" level in operation 
and a second input which is connected to the 
output of the squaring circuit (19), and 

- a second EXOR logic circuit (23) with a first 
input which is kept at a "high" level In opera- 
tion and a second input which is connected to 
the output of the squaring circuit (19). 

3. A self-pulsing circuit according to Claim 1 or 
Claim 2. characterised In that the integrator cir- 
cuitry (13) includes: 

- capacltlve means (C1, C2) t 

- means (24) for generating a charging cur- 
rent and means (25) for generating a dis- 
charging current, the means (24, 25) being 
connective selectively to the capacitive 
means (C1, C2) and the discharging current 
being higher than the charging current, and 

- switching means (26 - 29) which are inter- 
posed between the capacitive means (C1, 
C2) and the charging and discharging cur- 
rent-generating means (24, 25) and are driven 
by the first and second square-wave signals 
(B.C). 

4. A self-pulsing circuit according to Claim 3, char- 
acterised in that the capacitive means include 
first and second capacitors (C1, C2) which are 
connected alternately to the means (24) for gen- 
erating the charging current and to the means 
(25) for generating the discharging current. 

5. A self-pulsing circuit according to Claims 2 to 4, 
characterised in that the comparator and proc- 
essing means (14, 15) include: 

- first and second threshold comparators (30, 
31) for comparing the voltages at the termi- 
nals of the first and second capacitors (CI, 
C2) with a reference voltage (s a ) which is va- 
riable in dependence on the control signal, 

- a first NAND circuit (38) with first and sec- 
ond inputs connected to the output of the first 
EXOR circuit (22) and to the output of t he first 
threshold comparator (30), respectively, and 

- a second NAND circuit (39) with first and 
second inputs connected to the output of the 
second EXOR circuit (23) and to the output of 
the second threshold comparator (31), re- 
spectively. 

A self-pulsing circuit according to Claim 5, char- 
acterised in that the outputs of the NAND circuits 
(38, 39) are connected respectively to the set in- 
put (S) and to the reset input (R) of a bistable cir- 
cuit (40), the outputs (Q, Q) of which are connect- 
ed to the terminals which control the conduction 
of the electronic switch means (3a, 3b). 



nals (D, E) with a reference level which is $$ 
variable in dependence on the control signal, 
and for generating first and second drive sig- 
nals (J, K) which can make the electronic 
switch means (3a, 3b) of the first and second 
branch circuits (a, b) conductive respectively ao 
from the start of each ramp of the first and 
second ramp signals (D, E) until each ramp 
reaches the reference level (s a ) or until the 
ramp ends if the ramp does not reach the ref- 
erence level (sj. 45 

A self-pulsing circuit according to Claim 1, char- 
acterised in that the signal-processing circuitry 
(12) includes: 

- an offset circuit (1 7) for shifting the level of 60 
the voltage signal developed at the terminals 6. 
of the resistor (9) and making it unidirectional, 

- a squaring circuit (19) connected to the out- 
put of the offset circuit (17) for supplying a 
square-wave signal (A) oft he same frequency 55 
and in phase with the signal supplied by the 
of feet circuit (17), 

- a first EXOR logic circuit (22) with a first in- 
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7. A self-pulsing circuit according to any one of the 
preceding claims, characterised in that the elec- 
tronic switch means include two MOSFET tran- 
sistors (3a, 3b). 
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